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E X P E R I M E N T  ON PENDULUM MOTION 
OF A BALLOON GONDOLA 
By G u e n t e r  R . R i e g l e r  
A camera on board a ba l loon  gondola was aimed a t  t h e  ho r i zon  
i n  o r d e r  t o  moni tor  t h e  a t t i t u d e  of the  gondola.  An a n a l y s i s  of t h e  
f i l m ,  which w a s  exposed dur ing  one f l i g h t ,  p rov ides  ev idence  t h a t  no  
pendulum motion had occurred  du r ing  t h e  f l i g h t  w i th  ampl i tude  l a r g e r  
than  0.5 degrees .  Th i s  a n a l y s i s ,  however, d i d  i n d i c a t e  t h e  presence  
of a s i g n i f i c a n t  r o t a t i o n a l  motion of t h e  gondola ,  w i thou t  appa ren t  
. 
Purpose of t h e  Experiment: 
I n  o rde r  t o  e v a l u a t e  d a t a  from a t e l e s c o p e  flown on a baloon 
gondola ,  i t  i s  necessa ry  t o  have knowledge of any pendulum motion 
which t h e  gondola might execu te .  The experiment d e s c r i b e d  below 
was t o  p rov ide  such i n f o r x z t i o n .  
Experimental  Methods : 
The motion of a sys t em c o n s i s t i n g  of t h e  b a l l o o n ,  ropes and 
t h e  gondola can be approximated by t h a t  of a mathematical 'pendulum. 
With t h i s  assumption,  i t  can be shown t h a t  i t  is imposs ib l e  t o  
d e t e c t  pendulum motion by means of monitor ing t h e  motion of a secondary 
s h o r t  pendulum r e l a t i v e  t o  t h e  f i r s t  long one. 
Among several a l t e r n a t i v e  methods, o p t i c a l  s e n s i n g  of t h e  
ho r i zon  was chosen. Images of t h e  ho r i zon  d i s p l a y  pendulum motion 
more c l e a r l y  and ove r  a l o n g e r  pe r iod  p e r  day t h a n ,  f o r  example, 
images of t h e  s u r f a c e  of t h e  e a r t h  below t h e  gondola o r  sky images 
would show.;" 
I n f r a r e d  Film: 
I n  o r d e r  t o  reduce t h e  image s i z e  of t h e  haze l a y e r  above t h e  
ho r i zon  d u r i n g  t h e  day,  and t o  o b t a i n  some image of t h e  h o r i z o n  
a t  n i g h t ,  i n f r a r e d  f i l m  was used. 
However, t h e  f i l m  showed no image of t h e  ho r i zon  wh i l e  t h e  
sun was f a r  below t h e  ho r i zon ,  and t h e  image s i z e  of t h e  haze 
;?The d i f f e r e n c e  between " h o r i z o n t a l ,  as  derived from t h e  d i r e c t i o n  
of a pendulum bob, and t h e  tangent  t o  t h e  s u r f a c e  of t h e  e a r t h ,  w i l l  
be neg lec t ed  i n  what fo l lows .  The maximum d i f f e r e n c e  d u r i n g  ou r  
ba l loon  f l i g h t  was approximately . lo. 
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l a y e r  (wi th  t h e  sun above t h e  ho r i zon)  was s t i l l  approximate ly  
2.5'. 
of t h e  f i l m  (Kodak H I R  430, peak around 850 mp). 
This  may be due t o  t h e  low wavelength of t h e  s e n s i t i v i t y  peak 
Exposure T i m e s  : 
A w i d e  range of exposure t i m e s  was necessa ry  t o  o b t a i n  p rope r  
exposure throughout  t h e  day ,  A chronomet r i ca l ly  governed t i m e -  
sequence mechanism ope ra t ed  t h e  s h u t t e r  of t h e  camera s o  t h a t  1 4  
images were t aken  w i t h i n  every  one minute  c y c l e .  The exposure 
times w i t h i n  each c y c l e  ranged from 1 / 4 4  t o  24  seconds.  
of s t a r s  were expected t o  appear  on t h e  f i l m ,  e x p e c i a l l y  wi th  t h e  
longer  exposure t i m e s .  However, due t o  t h e  low s e n s i t i v i t y  of t h e  
f i l m  (approximately 50 ASA) and t h e  r o t a t i o n  of t h e  gondola ,  no 
images of s t a r s  were found. 
Images 
Camera and Lens: 
The camera used was a 16mm D.B. M i l l i k e n  movie camera which 
had a 400 f o o t - r e e l  c a p a c i t y ,  could be h e a t e d ,  and w a s  p r e s s u r e  
s e a l e d .  With a l e n s  of 25.4mm f o c a l  l e n g t h ,  t h e  opening a n g l e  
was 23.3O ( z e n i t h )  by 16.7' (azimuth) .  A t  ba l loon  a l t i t u d e ,  which 
was approximately 40.2km., t h e  ho r i zon  appeared 6.5O below t h e  
o p t i c a l  a x i s  of t h e  camera. 
Resu l t s  - Pendulum Motion: 
An a n a l y s i s  of t h e  exposed f i l m  shows t h a t  t o  w i t h i n  t h e  
error i n d i c a t e d  ( see  page 5 )  no pendulum motion had occured du r ing  
t h e  course  of t h e  f l i g h t .  
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Three passages of t h e  moon were recorded (on a t o t a l  of 46 
f rames)  approximately 2 hours  be fo re  s u n r i s e .  The exac t  t i m e s  
could be found from t h e  known r a t e  a t  which p i c t u r e s  had been 
taken s i n c e  launch,  and from t h e  v a r i a t i o n  of exposure t i m e  w i th in  
each one-minute cyc le .  The known e l e v a t i o n  of t h e  moon agreed  t o  
w i t h i n  0.5" wi th  t h e  p o s i t i o n  of t h e  moonfs  image on t h e  f i lm .  
Less than one hour  be fo re  s u n r i s e  t h e  image of t h e  hor izon  was 
recorded  a s  a s h a r p  l i n e .  Exposure, due t o  l i g h t  s c a t t e r e d  through 
t h e  atmosphere from below t h e ' h o r i z o n ,  v a r i e d  i n  s i z e  and i n t e n s i t y  
wi th  t i m e  and camera d i r e c t i o n .  The e r r o r s  a s s o c i a t e d  wi th  t h e  camera 
al ignment  and image d e f i n i t i o n  determined t h e  maximum ampli tude of 
pendulum motion which might have occurred t o  approximately 0 . 2 0 .  
The i n t e r p r e t a t i o n  of daytime p i c t u r e s  w a s  done under  t h e  as- 
sumption t h a t  t h e  apparent  s i z e  of t h e  haze l a y e r  remained cons t an t  
over  pe r iods  of approximately one minute. It then  appeared t h a t  t h e r e  
was no pendulum motion of more than 0.5' ampli tude.  This  u n c e r t a i n t y  
i s  g iven  mainly by t h e  l ack  of d e f i n i t i o n  of t h e  upper end of t h e  
haze l a y e r .  
R e s u l t s  - R o t a t i o n a l  Motion: 
Informat ion  on t h e  r o t a t i o n a l  motion of t h e  gondola was ob ta in -  
ed from images of t h e  moon, of cloud banks whi le  t he  sun was j u s t  
below t h e  ho r i zon ,  of l i g h t  s c a t t e r e d  by d u s t  par t ic les  on t h e  camera 
window a t  s u n r i s e ,  and of s t r u c t u r e s  on t h e  ground a f t e r  s u n r i s e .  
T h i s  motion corresponded t o  a n  angu la r  speed of 0.2 - 0.03 r e v o l u t i o n s  
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p e r  minute. There was no appa ren t  p e r i o d i c i t y  i n  t h e  speed o r  t h e  s e n s e  
of r o t a t i o n .  
The a u t h o r  wishes t o  thank D r .  E l i h u  Boldt f o r  h i s  guidance 
and M r .  Dave C la rk  and M r .  Frank C l e s e  f o r  t h e i r  experimental  
a s s i s t a n c e .  
. 
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H i s t o r y  of t h e  f l i g h t .  
8 
Dec. 6 ,  1965 
MST 
(a.m. i 
1:08 Launch a t  Holloman AFB, N .  M.,  l a t .  
33.2'N, long.  106OW. 
1:09 J u r i n g  t h e  next  appr .  4 hours  no 
images on f i l m  except  f o r  3 passages 
of t h e  moon. 
3:51 1. Passage of t h e  moon 
4:02 
4:08 
4:45 Balloon reached a l t i t u d e  38.7 km 
5:03 Horizon appears  a s  sha rp  l i n e  wi th  
l i g h t  s c a t t e r e d  above 
appro 
6: Haze l a y e r  above horizon.  S i z e  of 
haze l a y e r  appr .  2.5O (sun i s  above 
ho r i zon)  
aPPr 
8:20 Ground s t r u c t u r e  can be resolved 
12:02 Cut-down, 
L a t .  28.1°N 
Long. 84.4OW 
Pendulum Rota t iona l  
motion motion 
none 
$0.5O - 
none 
- +0.20 
none 
-to. 50 - 
none 
4-0.5O - 
e i t h e r  s e n s e ,  
max. speed 
0.15 RPM 
counterc lock-  
wise ,  speed 
0.06-0.12 RPM 
e i t h e r  s e n s e ,  
speed 0.03 - 
0.1  RPM 
e i t h e r  s ense  
speed 0.05 - 
0.2 RPM 
e 
6 3 A 10.6 x 10  ( f t )  Winzen ba l loon  was used. The weight of t h e  gondola 
was 395 l b s .  
